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ABSTRACT
Implantable cardioverter defibrillators (ICDs)
have been shown to reduce mortality in high-
risk patients. Despite several advances in pro-
gramming ICDs, inappropriate shocks persist
and continue to be psychologically and physi-
cally disturbing. External electromagnetic
interference from electrocautery, welding,
acupunctures, low-output transcutaneous elec-
tric nerve stimulators, and electronic muscle
stimulators may result in inappropriate ICD
sensing and shock. We present a 63-year-old
female who presented to the emergency
department after an ICD shock while undergo-
ing electronic muscle stimulation in
chiropractic treatment, during which light
electrical pulses were sent through skin elec-
trodes. Our case highlights the importance of
recognizing methods used by alternative medi-
cine doctors, including electrical muscle stim-
ulation that may cause electromagnetic
interference and inappropriate ICD discharge





Implantable cardioverter defibrillators (ICDs)
have been shown to reduce mortality in high-
risk patients. Despite several advances in pro-
gramming ICDs, inappropriate shocks persist
and continue to be psychologically disturbing
and arrhythmogenic. Inappropriate discharges
can be due to device malfunction such as sens-
ing lead failure, insulation failure, and loose
lead connections at the ICD header or adopters.
External electrical interference from electro-
cautery, welding, acupunctures, low-output
transcutaneous electric nerve stimulators
(TENS) and electronic muscle stimulators (EMS)
may result in appropriate ICD sensing and
shock therapy [1–4]. We present a 63-year-old
female who presented to the emergency
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department after an ICD shock while undergo-
ing electronic muscle stimulation in chiroprac-
tic treatment,
CASE REPORT
A 63-year-old female with a past medical history
significant for hypertension, atrial fibrillation
s/p ablation, hypertrophic cardiomyopathy s/p
ICD placement, heart failure with an ejection
fraction of 40%, left atrial appendage thrombus
presented to the emergency department after an
ICD shock while undergoing electronic muscle
stimulation in chiropractic treatment. The
patient’s medication list includes dabigatran,
lisinopril, and metoprolol. The ICD shock was
aborted upon ceasing the chiropractic manipu-
lation. Upon arrival to the emergency depart-
ment, her blood pressure was 146/98, heart rate
106, respiratory rate 19, and oxygen saturation
of 100% on room air. The patient’s dual-cham-
ber ICD with Durata, Biphasic waveform defib-
rillator leads was interrogated in the emergency
room, which revealed that it was in DDDR
mode with an A lead impedance of 460 Ohms,
and a V lead impedance of 430 Ohms. The max
track rate was set at 130 and paced AV delay was
at 150. Detection criteria were 153 beats per
minute (bpm) for VT-1 (monitor only), 200 bpm
for VT-2, and 240 bpm for VF (ATP 39, 550 V,
845 V, 890 V 29 for both VT-2 and VF). It fur-
ther showed intermittent low-amplitude sinu-
soidal wave interference or noise from the
chiropractic muscle stimulation, which resulted
in false sensing by the ICD (Fig. 1), which
eventually lead to a shock (Fig. 2). The patient
converted to sinus rhythm after the shock
(Fig. 3). Physical exam was unremarkable and
EKG revealed a paced rhythm with pre-atrial
contractions. The patient’s hospital course was
uneventful; she had two sets of negative tro-
ponin I, and eventually discharged home with
the advice to avoid TENS therapy.
In chiropractic therapy, low-output TENS is
transmitted to relieve pain and/or spasm of
the particular muscle or muscle group. Com-
mon side effects experienced by the patient in
this setting include pins-and-needles sensa-
tion, muscle twitching, or even full muscle
contraction, which may last up to 30 min. To
differentiate between skeletal muscle
over-sensing (pectoral myopotentials) versus
inappropriate discharge relating to electro-
magnetic interference (EMI), a thorough
analysis of the lead strips was performed. We
believe external electromagnetic interference
is the cause in our case as there is a patient
history consistent with an encounter with an
EMI source (TENS). In addition, there is noise
seen in all sensing channels (Fig. 1), a finding
consistent with EMI. In Fig. 3, once the EMI
had resolved and there was discontinuation of
TENS, noise is absent. On the other hand,
skeletal muscle over-sensing (pectoral
myopotentials) usually only occurs when
there is provocative skeletal isometric exercise
involving the upper extremities/abdominal




Informed consent was obtained from the
patient for being included in the study.
DISCUSSION
Electromagnetic interference associated with
EMS and TENS can lead to an inappropriate
shock from ICD. Although ICDs are pro-
grammed to work around certain electrical
devices and prevent any harm to the patient,
stimulation of musculature by direct applica-
tion of electric current could lead to electrical
signals, which might be misinterpreted by ICD.
Accordingly, patients with ICDs and pacemak-
ers are generally advised to avoid such
therapies.
Studies have reported that ICD discharges, in
general, are associated with an increase in car-
diovascular mortality and that ICDs should be
delivering the least amount of discharge neces-
sary to protect patients from malignant ven-
tricular arrhythmias such as ventricular
tachycardia and ventricular fibrillation [5, 6].
Further, inappropriate ICD firing has been
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Fig. 1 Interrogation strip demonstrating electrical interference from the low-intensity electronic muscle stimulation. The
device senses the interference and attempts anti-tachycardia pacing
Fig. 2 Interrogation strip demonstrating device delivering anti-tachycardia pacing and shock therapy
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associated with an increase in cardiovascular
and all-cause mortality [5, 6].
Reducing inappropriate therapy has been
widely discussed. To maximize the effectiveness
of ICDs and decrease the likelihood of inap-
propriate shocks, ICDs need to be programmed
effectively by incorporating shorter pro-
grammed cycle lengths for VT selection inter-
vals, anti-tachycardia pacing, lead fracture
surveillance, as well as remote monitoring [3].
Innovations in ICD programming, including
programming the device to only delivering a
shock if the patient’s heart rate is above 188,
have been shown to be associated with a
reduction in the rate of inappropriate discharge
[5, 6]. In addition, drug therapy has been shown
to reduce the risk of inappropriate shock as well.
Beta-blockers slow the ventricular rate as well as
atrial rate in medical conditions such as atrial
fibrillation. This reduces the likelihood that
sinus tachycardia, supraventricular tachycardia,
or ventricular tachycardia will trigger the ICD to
deliver an inappropriate shock. ICD program-
ming and drug therapy together actually reduce
mortality from inappropriate shock therapy by
up to 50% [7, 8]. Rees and colleagues have
reported that even a single inappropriate shock
resulted in an increased risk of all-cause mor-
tality [8]. Mortality risk increased with every
subsequent shock [8].
In an ICD patient cohort, outside the setting
of a clinical trial, inappropriate shocks may
occur in up to 13% of ICD recipients [2].
Younger age, history of atrial fibrillation, and
Fig. 3 External interference aborted upon stopping the chiropractic treatment
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no statin use were all significant clinical pre-
dictors of inappropriate shocks. Of these asso-
ciated clinical factors, a history of atrial
fibrillation was the most significant baseline
clinical predictor of inappropriate shock.
Because inappropriate ICD discharges may
occur spontaneously or due to a source in up
1/8 of the ICD population, there is a need to
educate patients in avoiding chiropractic treat-
ments that utilize electrical muscle stimulation
to relieve pain.
As described in a review of the literature
involving physiotherapy and cardiac rhythm
devices/ICDs, Digby et al. concludes that there
are no specific guidelines regarding the admin-
istration of physiotherapy modalities such as
TENS; however, recommendations from cardiac
rhythm device and ICD manufacturers suggests
that TENS therapy is best avoided in patients
with cardiac rhythm devices or ICDs [9]. We
agree with this recommendation. However, if
TENS therapy is strongly indicated, either pro-
gramming the device to avoid oversensing or
temporarily turning it off could be considered
under electrophysician supervision.
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